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INTRODUCTION
The Middle Adriatic depressions (Fig. 1), or Pomo Pits (maximum depth 270 m), are
characterised by a water mass that resides there throughout the year: the Middle
Adriatic Deep Water - MAdDW (Franco, 1972; Artegiani et al., 1997). From spring
to autumn, this is the coldest water mass in the Mediterranean basin.
Climatologically, it has a temperature of 11.62 °C, salinity of 38.47, density anomaly
> 29.2 kg m-3. In late winter – early spring, a denser water mass (the Northern
Adriatic Dense Water – NAdDW), which forms in winter in the Northern Adriatic
shelf, arrives in the Pomo Pits and renews the resident bottom waters.
The Pomo Pits area is important for climatic studies, being a test site where
significant fluctuations of the dense water formed in the Northern Adriatic are
“memorised”. The fact that it is one of the main nurseries of the Adriatic Sea for
hake, Merluccius merluccius, and a site where Norway lobsters, Nephrops
norvegicus, grow lends it considerable biological and economic importance
(Zupanovic & Jardas, 1986; Froglia & Gramitto, 1981).
Oceanographic data collected in the Pomo Pits area from 1980 to 1998 between
latitudes 42° 20’ N and 43° 40’ N are presented and examined. From 1993 to 1996
data were obtained in the framework of Italian (AMEX, PRISMA) and international
research programmes (ELNA). Data on water temperature, salinity, density anomaly,
as well as dissolved oxygen and main dissolved-nutrient concentrations (nitrate,
orthoposphate and silicate) are examined and discussed. 
MATERIAL AND METHODS.
As they were collected over a long period of time, data were obtained by different
methods and sampling strategies. Temperature, salinity and dissolved-oxygen
content were measured seasonally (with some interruptions) from 1955 to1998. For
1955 to 1980 data come from the historical ATOS data set (Artegiani et al., 1997).
Over this period, temperature was measured using reversing thermometers
(uncertainty about 0.02 °C); salinity was determined by the Mohr-Knudsen titration
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method, or conductivity method (uncertainty 0.005-0.02 psu). From 1981 to 1998,
both parameters were measured using Neil Brown Mk III or SBE 9/11 CTD probes.
In 1984-85, seawater samples for nutrient analysis were collected with 1.5 l
National Institute of Oceanography bottles closed at 10 m intervals from surface
down to bottom; in the period from 1993 to 1996, sampling was conducted at 12
levels of depth (2, 15, 40, 60, 90, 120, 150, 180, 200, 225, 250 and 260 m) with 10 l
Niskin bottles.
Dissolved-oxygen concentration were measured according to Winkler (1888) and
subsequent improvements (in particular, Strickland & Parsons, 1968).
The data regarding dissolved nutrients (nitrate, nitrite, ammonia, orthophosphate
and silicate) were collected in the course of 8 cruises conducted in 1984-85, 6 cruises
in 1993-94 and 2 cruises in 1996. The analyses were performed on samples filtered
through Millipore HA filters (0.45 µm pore size), promptly frozen in polyethylene
bottles, maintained at -20 °C, and thawed ashore  before the analysis. The analytical
techniques are basically according to Strickland and Parsons (1968).
RESULTS AND DISCUSSION.
The time evolution of temperature, salinity, density anomaly and percentage of
dissolved-oxygen saturation close to the bottom of the Pomo Pits are reported in
Figs. 2 and 3. Owing to the large dispersion of the data collected before 1980 – which
can be ascribed to the lower degree of accuracy of measurement methods over that
period - our attention has mainly focused on the data obtained after 1980. The events
of bottom-water renewal are clearly evidenced by the sudden inversions of the trends
FIG. 1 Study area: middle Adriatic and topography of the Pomo Pits.
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of temperature and percentage of dissolved-oxygen saturation. In particular,
percentages close to or greater than 90% are generally indicative of newly formed
dense water in the northern shelf having filled the bottom of the pits. Temperature
data show large fluctuations (about 1 °C) as a consequence of renewal (e.g., from
10.95 °C to 9.9 °C in winter 1985-86, and from 12.6 °C to 11 °C in winter 1995-96).
After a bottom-water renewal, temperature, density anomaly and oxygen
saturation generally show monotone trends. The temperature increase may be
explained by vertical diffusion of water from the upper layer (where it is usually
warmer; Fig. 4). The density decrease is due to the increase in temperature, whereas
the percentage of dissolved-oxygen saturation decreases because of the oxidative
processes. In contrast, salinity shows variable trends: in the period 1982-85 salinity
decreased with time (because the initial salinity in the bottom layer was higher than
in the upper (150-180 m) layer (Fig. 5); in other periods (as in 1993-95) salinity
increased with time (because initial bottom salinity was lower than in the upper layer;
Fig. 5) .
In 1993-1995 density anomaly decreased – though at a slower rate – because the
effect of the temperature rise on density prevailed on the effect of salinity increase. 
FIG. 2 Time series of temperature and salinity close to the bottom of the Pits from 1954 to 1998.
FIG. 3 Time series of percentage of dissolved-oxygen saturation and density anomaly close to the
bottom of the Pits from 1954 to 1998.
 
5 5 6 0 6 5 7 0 7 5 8 0
Ann i (+ 1900)
9
10
11
12
13
14
Te
m
pe
ra
tu
ra
 
(°C
)
5 5 6 0 6 5 7 0 7 5 8 0
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99
Anni (+1900)
38.0
38.2
38.4
38.6
38.8
39.0
S
alinità
 (p
s
u)
8 0 8 1 8 2 8 3 8 4 8 5 8 6 8 7 8 8 8 9 9 0 9 1 9 2 9 3 9 4 9 5 9 6 9 7 9 8 9 9
 
55 60 65 70 75 80
A n n i (+1 9 0 0 )
2 9 .0
2 9 .2
2 9 .4
2 9 .6
2 9 .8
Si
gm
a
-
t (k
g/
m
3)
55 60 6 5 7 0 75 80
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99
A n n i (+ 1 9 0 0 )
4 0 .0
5 0 .0
6 0 .0
7 0 .0
8 0 .0
9 0 .0
1 0 0 .0
1 1 0 .0
P
erce
ntu
ale
 di
 satu
ra
zio
n
e
 O
2
 (%)
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99
30                           A. ARTEGIANI, M. MARINI, R. PARIANTE, E. PASCHINI, A. RUSSO
During the time interval between two subsequent renewal episodes, mineralisation
processes of organic matter occur in the bottom layer, explaining the dissolved-
oxygen consumption (Fig. 6) and the simultaneous increase in nutrient content (PO4,
SiO4 and NO3; Figs. 7, 8 , 9).
Analysis of the nutrient profiles in the bottom layer (210-260 m) showed a
considerable increase in nutrient concentrations that may influence the overlying
water up to 170-180 m of depth (i.e. 90-100 m above the sea bed).
In the period 1984-85, the concentration of nutrients in the bottom layer increased
about threefold from 0.12, 2.87 and 3.03 µΜ to 0.36, 8.56 and 9.10 µΜ for PO4,
SiO4 and NO3, respectively. In 1993-94 a similar increase was noted, with PO4, SiO4
and NO3 from 0.12; 2.87; and 3.03 to 0.68; 11.52; and 8.26 µΜ, respectively. The
time correlation of nutrient concentration near the bottom during these two-year
periods is highly significant (P<0.01) for all parameters, except for PO4 in 1993-94
(P<0.05). R2 (n) values are: 0.820 (7), 0.921 (7) and 0.8851 (7) in 1984-85 and 0.828
(5), 0.957 (6) and 0.971 (5) in 1993-94 for PO4, SiO4 and NO3, respectively.
FIG. 4 Temperature profiles in 1984-85 and 1993-96 in western Pomo pit.
FIG. 5 Salinity profiles in 1984-85 and 1993-96 in western Pomo pit.
9.5
10.5
11.5
12.5
13.5
14.5
15.5
16.5
17.5
1 20 40 60 80 10
0
12
0
14
0
16
0
18
0
20
0
22
0
24
0
26
0
depth, m
te
m
pe
ra
tu
re
, °
C
03/24/84
06/07/84
08/08/84
11/29/84
03/31/85
05/15/85
08/04/85
11/10/85
 
10.5
11.5
12.5
13.5
14.5
15.5
16.5
17.5
2 15 30 45 90 12
0
15
0
18
0
20
0
22
5
25
0
26
0
te
m
pe
ra
tu
re
, °
 C
05/01/93
07/18/93
11/09/93
03/27/94
07/31/94
11/26/94
05/11/95
08/15/95
10/23/95
02/12/96
07/01/96
depth, m
 
37.8
37.9
38
38.1
38.2
38.3
38.4
38.5
38.6
1 30 60 90 12
0
15
0
18
0
21
0
24
0
depth, m
sa
lin
ity
, P
SU
03/01/84
06/01/84
08/01/84
11/01/84
03/01/85
05/01/85
08/01/85
11/01/85
 
37.8
37.9
38.0
38.1
38.2
38.3
38.4
38.5
38.6
2 15 30 45 90 12
0
15
0
18
0
20
0
22
5
25
0
26
0
sa
lin
ity
, P
SU
05/01/93
07/18/93
11/09/93
03/27/94
07/31/94
11/26/94
05/11/95
08/15/95
10/23/95
02/12/96
07/01/96
depth, m
EVOLUTION OF PHYSICAL PARAMETERS AND CHEMICAL OBSERVATIONS IN THE MIDDLE 
ADRIATIC DEPRESSIONS 31
FIG. 6 Profiles of percentage of dissolved-oxygen saturation in 1984-85 and 1993-96 in western Pomo
Pit.
FIG. 7 Silicate profiles in 1984-85 and 1993-96 in western Pomo pit.
FIG. 8 Orthophosphate profiles in 1984-85 and 1993-96 in western Pomo pit.
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The data shown in Fig. 2 exhibit different trends for temperature and salinity, with
cycles not fully resolved due to the shortness of the time series; temperature shows a
long-term increase from 1993 to 1998, however similar trend is present in the pre-
1980 series.
In 1993-95 (11.5 ÷ 12.2 C°) bottom water temperatures were higher than in 1984-85
(10 ÷ 11 C°). This apparently did not influence the process of organic-matter
mineralisation. No significant difference was found between the two periods in the
regression lines for the three nutrients against time. The values of angular coefficient
of regression lines are: 0.0009, 0.0122 and 0.0126 in the period 1993-94 and 0.0005,
0.0116 and 0.0123 in 1984-85 for PO4, SiO4 and NO3, respectively. They are all
similar, with probability of error <0.01.
• Altogether, the data indicate that water renewal does not take place every year, 
but at intervals of two (as the period 1984-85) or three years (as in 1981-83 and 
1993-95). This is apparent from the analysis of temperature and density data, and 
from the percentage of dissolved-oxygen saturation, which falls below 70% when 
the same water resides on the bottom of the Pits for more than one year. In partic-
ular, in autumn 1995 this percentage reached 45%, the lowest value in the 40 
years for which data are available. Low percentages of dissolved-oxygen satura-
tion are an alarming condition for the benthic ecosystem of the Pits. Extrapolating 
from the data for 1993-1995, before the bottom-water renewal of spring 1996 the 
saturation percentage might have been less than 40%. Had the water renewal not 
taken place in 1996, a dangerous situation of hypoxia might have occurred in the 
bottom layer of the Pits. 
FIG. 9 Nitrate profiles in 1984-85 and 1993-96 in western Pomo Pit. 
0
1
2
3
4
5
6
7
8
9
10
0.
5 20 40 60 80 10
0
12
0
14
0
16
0
18
0
20
0
22
0
24
0
26
0
depth, m
ni
tra
te
. µ
M
03/24/84
06/07/84
08/08/84
11/29/84
03/31/85
05/15/85
08/04/85
11/10/85
0
1
2
3
4
5
6
7
8
9
2 15 30 45 90 12
0
18
0
22
5
26
0
depth, m
ni
tra
te
, µ
M
05/01/93
07/18/93
11/01/93
03/27/94
07/31/94
11/26/94
07/01/96
EVOLUTION OF PHYSICAL PARAMETERS AND CHEMICAL OBSERVATIONS IN THE MIDDLE 
ADRIATIC DEPRESSIONS 33
REFERENCES
ARTEGIANI, A., D. BREGANT, E. PASCHINI, N. PINARDI, F. RAICICH E A. RUSSO,
1997.  The Adriatic Sea General Circulation. Part I: air-sea interactions and water
mass structure. Journal of Physical Oceanography Vol. 27, No. 8, pp. 1492-1514;
FRANCO P., 1972. Oceanography of Northern Aadriatic Sea. 2 Hydrologic features:
Cruies January-February and April-May 1966. Arch. Oceanogr. Limnol., 17
suppl., 97 p.;
FROGLIA C. AND M. E. GRAMITTO, 1981. Summary of biological parameters on the
Norway lobster, Nephros norvegicus (L.) in the Adriatic, FAO Fish. Rep., 253:
165-178;
STRIKLAND J. D. H. AND T. R. PARSONS, 1968. A practical handbook of seawater
analysis. Bull. Fish. Res. Bd. Canada, 167, 310 pp;
WINKLER L. W., 1888. Ber. Dtsch. Chem. Ges. 21, 2843-2855;
ZUPANOVIC AND JARDAS, 1986. A contribution to the study of biology and popula-
tion of the Adriatic hake Merluccius merluccius (L.). ACTA Adriatica 27(1-2):
97-146.
34                           A. ARTEGIANI, M. MARINI, R. PARIANTE, E. PASCHINI, A. RUSSO
